Woodland caribou in British Columbia have been classified into ecotypes based on differences in use of habitat and forage species during winter. Although recovery planning focuses on ecotypes, habitat use and selection may vary within ecotypes. Our objective was to compare habitat use and selection among four woodland caribou herds at the transition zone (central British Columbia) from northern (Moberly, Quintette, and Kennedy herds) to mountain (Parsnip herd) ecotypes. We developed resource selection models for each herd in spring, calving, summer/fall, early and late winter. Because animals in individual herds were quite restrictive in their use of available vegetation types (e.g., spruce-leading, pine-leading, deciduous/shrub and coniferous stands 0-40 yrs), many vegetation types had to be excluded from resource selection models. Using a combination of GPS and VHF radio-collar information we documented spatial overlap among herds during portions of the year, however, use of vegetation types and resource selection (elevation, aspect, vegetation type) differed among herds and within ecotypes in all seasons. Selection and use were most similar between the two northern ecotype herds residing on the eastern side of the Rockies 2 (Moberly and Quintette). All caribou avoided steep slopes. We concluded that differences in resource selection and habitat use by woodland caribou were not only specific to woodland caribou ecotypes in winter, but differed within and among ecotypes during all seasons.
Introduction
Selection by large ungulates is believed to be related to the amount and availability of food and minerals, insect disturbance, weather conditions and predation avoidance (Skogland, 1980; Bergerud et al., 1984; Bowyer, 1986; Barten et al., 2001) . Variation in habitat selection by large ungulates is likely due to one or a combination of these factors being more pronounced in different regions at different times of the year. Research that contributes to defining and quantifying the variables that influence seasonal habitat selection of large ungulates across a diverse landscape is essential to resource management and species conservation strategies.
Woodland caribou (Rangifer tarundus caribou) are a wide-ranging subspecies that display considerable variation in seasonal habitat use and foraging strategies (Cichowski, 1993; Terry et al., 1996; Poole et al., 2000; Johnson et al., 2001; Apps et al., 2001) .
Differences in use of habitat and forage species by woodland caribou in winter have led to the categorization of woodland caribou into ecotypes (Bergerud, 1978; Stevenson & Hatler, 1985) . Two ecotypes of woodland caribou have been identified in central British Columbia: northern (referred to as mountain caribou in Alberta and Yukon) and mountain. In winter, northern caribou primarily forage on terrestrial lichens in alpine or low-elevation pine forests, whereas mountain caribou forage on arboreal lichens in old-growth subalpine forests (Stevenson & Hatler, 1985; Heard & Vagt, 1996) . The variation in habitats used by woodland caribou across their range contributes to the uncertainty as to which, or what combination of factors dominates resource selection by woodland caribou and how selection changes spatially or temporally.
Differences among northern and mountain caribou, particularly in winter, have been illustrated by studies examining selection and use for one ecotype of woodland caribou during winter (Cichowski, 1993; Terry et al., 1996; Johnson et al., 2001; Apps et al., 2001) .
Variation in winter resource selection and use has also been observed within the same ecotype (Cichowski, 1993; Terry et al., 1996; Gustine, 2005) , and between individuals in the same herd (Seip, 1992b; Johnson et al., 2001; Gustine, 2005) . Differences in seasonal resource selection among herds or individuals within an ecotype have received little attention (Mosnier et al., 2003; Rettie & Messier, 2000; Gustine, 2005; Saher & Schmiegelow, 2005) , and seasonal differences among northern and mountain caribou during the same time period have not been examined. Variation in habitat use between ecotypes of woodland caribou is believed to be the result of adaptations to environmental and physical habitat characteristics across their range (Bergerud, 1978) , however, little is known about how caribou respond to different environmental conditions at a landscape scale and across seasons (Johnson et al., 2001 ).
Woodland caribou are considered threatened in both British Columbia and Alberta.
Specifically in British Columbia, mountain caribou are listed as endangered and northern caribou are of special concern. Woodland caribou herds in central British Columbia have been nationally designated as "threatened" by the Committee on the Status of Endangered Wildlife in Canada (Hatter, 2000) , and subsequently have been listed as "threatened" under the federal Species at Risk Act (SARA). SARA requires that recovery planning occur for threatened species. Recovery planning for woodland caribou focuses on ecotypes, however, variation within ecotypes of woodland caribou suggests the need to determine whether it is appropriate to apply broad land-management strategies based on ecotype delineation or suitable land-management strategies to specific herds. Examination of seasonal resource selection among and within ecotypes of woodland caribou would contribute to identifying and maintaining habitat for woodland caribou across their range.
We compared use and selection among four woodland caribou herds at the transition zone from northern to mountain ecotype during spring, calving, summer/fall, early and late winter. Our objectives were: 1) to determine whether seasonal range overlap occurred among herds and between ecotypes; and 2) to compare seasonal use and selection among herds and between ecotypes. We expected that herds and ecotypes would be spatially separated during each season and that northern ecotype herds (Kennedy, Moberly and Quintette) would show similar patterns in use and selection and differ from the mountain ecotype herd (Parsnip), particularly during the winter. As resource selection by woodland caribou is likely related to environmental variation, we expected the northern ecotype herds that inhabited the eastern side of the Rocky Mountains (Quintette and Moberly) to show the most similar patterns in selection.
Study Area
The study area is approximately 8000 km 2 and is contained within the Central Canadian Rocky Mountains Ecoregion (Demarchi, 1996) in the Hart and Missinchinka
Ranges of the Rocky Mountains ( Figure 1 ). This area is characterized by mountains and rolling hills with highly variable terrain, ranging from low-elevation lodgepole pine (Pinus contorta) and hybrid white-spruce forests (Picea glauca x engelmannii) at 650 m to alpine summits at 2520 m. Four biogeoclimatic zones occur within the study area (Meidinger & Pojar, 1991) ; Sub-boreal Spruce (SBS), Boreal White and Black Spruce (BWBS), Engelmann Spruce-Subalpine Fir (ESSF) and Alpine Tundra (AT).
The SBS zone occurs in the valley bottoms up to elevations of approximately 1100 m.
This zone is dominated by hybrid white-spruce and subalpine fir (Abies lasiocarpa), with occasional occurrences of lodgepole pine in drier areas and black spruce (Picea mariana) in wetter regions. The BWBS zone occurs on the eastern side of the Rocky Mountains and ranges in elevation from 650 to 1050 m, and is typically colder and dryer than the SBS zone.
Dominant tree species include white spruce (Picea glauca), black spruce and lodgepole pine.
Fire is common in this zone and early-seral stands containing trembling aspen (Populus tremuloides) and cottonwood (Populus balsamifera) are numerous. The ESSF zone occurs above the SBS and BWBS zones to elevations up to 1700 m (Meidinger & Pojar, 1991) . The dominant tree species within the ESSF zone are engelmann spruce (Picea engelmannii) and subalpine fir. As elevation increases in the ESSF zone, subalpine fir dominates and the forest becomes more open, eventually turning into parkland habitat where stunted subalpine fir grows in clumps interspersed with alpine meadows (Meidinger & Pojar, 1991) . The AT zone occurs above the ESSF zone and is for the most part treeless. This zone is dominated by permanent ice and snow, rock, dwarf shrubs, forbs, mosses, grasses, sedge and terrestrial lichens.
Prevailing westerly winds typically stall over the Hart and Missinchinka Ranges of the Central Rocky Mountains resulting in high precipitation on the western side of the Rockies (Demarchi, 1996) . The climate in the eastern portion of the study area is drier than in the western portion, as reflected by a notable difference in annual precipitation between the two regions. The ESSF zone on the west side of the Rocky Mountains has an annual precipitation of 1538 mm compared with 780 mm of the east side (Delong, 1994) . The Parsnip (mountain ecotype) and Kennedy Siding (northern ecotype) herds occur in the western portion of the study area whereas the Moberly and Quintette (northern ecotype)
herds typically occupy the eastern side of the Rocky Mountains (Figure 1) . A major highway intersects both the Kennedy Siding and Moberly herds, while a railway intersects all four of the herds. Logging has occurred and continues in the valley bottom and low-elevation subalpine forests throughout the majority of the study area. The Quintette area is more developed than the Parsnip, Kennedy and Moberly areas due to a combination of logging, oil and gas exploration and mining.
Materials and Methods

Caribou Captures
We captured a total of 46 woodland caribou within each of the four herds by net- 
Caribou Locations and Location Accuracy
We located both VHF and GPS-collared caribou using radio-telemetry from a fixedwing aircraft weekly in the winter and spring, and bimonthly in the summer and fall. We recorded caribou locations obtained by aerial telemetry in UTM's using both a handheld GPS unit and the internal GPS unit in the plane to ensure that locations were recorded accurately. We obtained a total of 7687 locations from ten individual caribou throughout all seasons with ATS-GPS collars (n = 2; Quintette and Kennedy, n = 3; Moberly and Parsnip), three of which also had data from Televilt-GPS collars. We also used data from five individual caribou with Televilt-GPS collars in late winter, one of which also recorded locations in early winter. As Televilt-GPS collars were programmed to record data every four hours, we ensured that these collars were consistent with the 20-hr ATS-GPS collar fix rate by only using every fifth location. Data from each GPS collar were examined for spatial and temporal errors (Spatial Viewer, M. P. Gillingham) and one questionable location was removed. Additionally, we removed extreme DOP values (Rempel & Rodgers, 1997; Dussault et al., 2001 ) of >25 for 3D locations (n = 6) and >10 for 2D locations (n = 46). Fix rates of GPS collars were consistent among collars and exceeded 75% in all seasons with the exception of summer/fall where the fix rate was 63%. After generating 20-hr fix locations from the Televilt collars, removing potentially erroneous 2D and 3D fixes, and excluding locations where forest cover data were not available a total of 5243 GPS-collar locations were used to model resource selection of woodland caribou: Kennedy Siding = 1031 (n = 3); Moberly = 1749 (n = 4); Quintette = 1173 (n = 5); and Parsnip = 1290 (n = 3).
Herd and Seasonal Definitions
Because ecotypes are distinguished by differences in use of habitats and forage species during winter (Stevenson & Hatler, 1985) and differences in habitat use among caribou in this study were most apparent during early-winter, we grouped individual caribou into previously identified herds based on capture location and early-winter habitat use. We categorized caribou location data by herd into spring, calving, summer/fall, early-winter and late-winter based on migration patterns, biology and snow conditions within the study area: (Gustine, 2005) . The summer/fall season began when the majority of snow has dissipated from the mountainous areas. The early-winter season approximated with snowfall remained on the ground in the mountainous areas and typically coincided with the movement of caribou to the low-elevation pine flats at Kennedy Siding. The late-winter season began when snow depth on the west side of the mountains typically exceeded 1 m and the snowpack had settled and hardened.
Defining Availability
We examined habitat use and selection at the seasonal scale of movement using the 95 th percentile movement distance between consecutive 20-hr fixes calculated for each herd during each season. This distance was applied as a radius around each used caribou location to define the area available to an individual caribou that was specific to each season, and the herd that an individual had been classified to. For each caribou location we generated five random locations within the defined available area. We chose to use movement distance to define availability as opposed to a seasonal home-range estimator as this method allows the sampled area available to an individual caribou to correspond to the each use location for that individual (Compton et al., 2002) . Because available areas may have been underestimated for locations occurring after a missed fix (e.g., 40 hr time interval between two fixes), we analyzed the used/available locations as unpaired, in that comparison between used and available locations was across an entire season as opposed to comparing use and availability for each location. This method allowed us to maintain a larger sample size, while still relating availability to use locations as is appropriate for animals with large home ranges (Compton et al., 2002) . We defined availability for VHF data using the same 95 th percentile movement distances obtained from the GPS data for individual caribou in each herd.
Model Development
We developed a set of a biologically plausible candidate models a priori ( We updated the age of the leading tree species specific to the year of each caribou location using the year of location and the updated age variable in the VRI. We used five categorical variables for aspect: north (315 to 45 degrees), east (46 to 135 degrees), south (136 to 225 degrees), west (226 to 315 degrees), and no aspect (slope = 0).
Because sample size precluded examining selection for individual caribou, we pooled caribou locations by herd and season and used logistic regression to determine the coefficients of selection (β i ) for each variable and the Huber-White sandwich estimator to obtain robust estimates of variance for these coefficients (Boyce et al., 2002) . All logistic regression analyses were conducted using STATA (version 8, StataCorp 2005) . Categorical variables (vegetation type and aspect) were modeled with deviation coding using DESMAT (Hendrickx, 1999) , and classes that were rarely or never used or available (n < 4) were excluded from analysis (Menard, 2002) . Collinearity of variables in the model set was examined by herd and season and all tolerance scores exceeded the 0.2 threshold (Menard, 2002) .
We considered the models whose Akaike weights (w i ) summed to just ≥ 0.95 to be candidate and competing models, indicating that given the set of models, those models explained over 95% of the variation (Burnham & Anderson, 2002) . We used k-fold cross validation (Boyce et al., 2002) to obtain an average Spearman's rank correlation (r s ) based on the average of five random subsets of the used/available data in order to evaluate the predictive ability of top and competing models. Validated competing models were averaged (Burnham & Anderson, 2002 
Results
Spatial separation and use/availability
Geographical overlap among herds and ecotypes was apparent in all seasons with the exception of early winter (Figure 2 The VHF data were consistent with the patterns observed from the used/available GPS locations (Table 2) . Use of fir, fir-leading and spruce-leading stands was more prevalent for the northern ecotype herds, particularly during summer/fall. We attempted to model resource selection using the VHF data, however, small sample sizes resulted in models that we were typically unable to validate.
A number of vegetation classes were removed from further modeling because of rare occurrences of use (Table 2) . Specifically, spruce-leading, pine-leading, deciduous/shrub, coniferous 0-40 yrs and open vegetation classes were often removed for many herds in all seasons, with a notable exception of the Kennedy herd who used mostly pine-leading stands in early winter.
Selection Model Performance
The saturated topographic model (Topo Model 1; Table 3) Table 3 ) never entered into the suite of competing models.
Resource Selection
Elevation Differences in selection patterns for elevation by caribou herds were most apparent in early winter (Figure 3 ), however, selection for elevation varied among herds in all other seasons. Although elevation typically performed better in the models as a quadratic term (elevation + elevation 2 ), selection for elevation showed a more linear pattern for northern ecotype herds until elevation exceeded 1600 m. In contrast, selection for elevation by the mountain ecotype herd was distinctly quadratic in all seasons, showing selection for mid-
elevations. An inverse quadratic pattern occurred for the Kennedy herd in early and late winter as these caribou were commonly located in low-elevation pine forests during this period.
The northern ecotype caribou on the eastern side of the Rockies (Quintette and Moberly) showed the most similar patterns of use and selection for elevation. These herds were never located below 1200 m in elevation and selected for elevations above 1600 m across all seasons. Seasonal differences in selection patterns for elevation were still apparent between these two herds, as the Quintette caribou selected for lower elevations (>1600 m) in summer and the highest in late winter (>1900 m), while the Moberly caribou selected for lower elevations in late winter (>1600 m), and highest in summer and early winter (>1800 m). Elevation was not significant for the Moberly herd during calving.
The northern ecotype herd on the west side of the Rockies (Kennedy) selected for elevations similar to the eastern herds during calving (>1800 m), but selected for lower elevations than these herds in summer (>1400 m) and early winter (>1600 m). Elevation was not significant for the Kennedy herd during spring and late winter. Caribou in the Kennedy herd were located at elevations below 1200 m in all seasons except calving, and use of elevations between 700 and 800 m was common in early and late winter.
The Aspect was only significant for Kennedy caribou during spring, summer and late winter. Similar to the Quintette herd, the Kennedy caribou selected for southern and western aspects in the spring and avoided northern aspects in spring and eastern aspects in late winter.
In contrast to the Quintette and Moberly herds, the Kennedy caribou selected for northern aspects in summer and areas with no aspect (slope = 0) in late winter. Aspect was only significant for the Parsnip herd during calving and late winter. The Parsnip caribou selected for southern aspects during calving and similar to the Quintette and Moberly herds selected western aspects and avoided eastern aspects in late winter.
Vegetation Type
Vegetation type was only in the GPS-data models for all herds during calving, Parsnip during summer/fall and Kennedy during summer/fall and late winter. Relatively few vegetation classes were significant for herds during these seasons, and selected vegetation classes were typically lower-elevation forested stands not explained by elevation. In contrast to the used/available locations (Table 2) , the Moberly herd selected for parkland and the Quintette herd selected for spruce-leading stands during calving. Examination of use locations during the calving period showed that although a higher proportion of use locations were in alpine some individuals in these herds moved from alpine to parkland (Moberly) or spruce-leading stands (Quintette) during parturition and returned to alpine after calving.
Vegetation Model
Land-management strategies for woodland caribou focus on vegetation types as opposed to topographic variables, however, elevation was a variable in all of the top and competing model sets and vegetation type was rarely included in these models. Because selection for mid and high-elevation areas was evident among herds and ecotypes, elevation likely overshadows vegetation type in explaining differences among used and available locations. As used/available data ( (Table 2) , and the Parsnip herd avoided spruce-leading stands during this season as well. In early and late winter all of the herds either avoided spruce-leading stands or were never located in this vegetation class.
Pine Leading
The northern ecotype herds on the eastern side of the Rockies were never located in pine-leading stands with the exception of the Quintette population during summer/fall (Table   2 ). In contrast, the Kennedy herd selected for pine-leading stands in summer and late winter.
The used/available locations show that the 75% of use locations for the Kennedy herd in early winter occurred in pine-leading stands, however, the majority of available locations were also in this habitat type and as such, selection for pine-leading stands was not significant. This result emphasizes the danger of solely using selection models to identify selection for vegetation types. Similar to the eastern northern ecotype herds, the Parsnip caribou were never located in pine-leading stands.
Deciduous/Shrub, coniferous 0-40yrs, open-nonvegetated, open-vegetated
These vegetation types were typically dropped from the models for all herds in all seasons due to rare occurrences of use ( Table 2) Climate and disturbance regimes differ between the eastern and western side of the Rockies (Meidinger & Pojar, 1991; Delong, 1994) , and similarities or differences in resource selection and use among herds and ecotypes of woodland caribou may be due to variation in environmental and biological factors. Despite regional and seasonal differences, all herds typically avoided steep slopes and avoided or did not use spruce-leading, young coniferous, deciduous/shrub and open vegetation types.
Differences in resource selection among and within ecotypes were most apparent in early winter. The northern ecotype herds on the eastern side of the Rockies used and selected alpine habitat at high-elevations, while the northern ecotype on the west side of the Rockies migrated to the low-elevation pine flats at Kennedy Siding. In contrast, the mountain ecotype used and selected fir and fir-leading stands in the subalpine forest. At a landscape scale resource selection by woodland caribou in winter may be influenced by forage abundance, availability and accessibility, as well as minimizing the risk of predation (Johnson et al., 2001) . Differences in resource selection and use by the eastern and western herds in winter may have been influenced by differences in snow conditions, as conditions are more variable during the early winter and snow depths are notably lower on the eastern as opposed to western side of the Rockies (Jones, unpublished data). Alpine areas in the eastern portion of the study area are more windswept, often containing snow-free areas compared with the western portion of the study area. The energetic demands for cratering in alpine habitat for caribou on the western side of the Rockies may outweigh the lower risk of predation in this vegetation type, while caribou on the eastern side of the Rockies typically forage in snow-free alpine areas. Although Kennedy caribou often have to crater for terrestrial lichen in the pine flats, lichens are typically more abundant than in alpine areas, and the energetic benefits may outweigh a higher predation risk. Pine flats were not available to the mountain ecotype herd on the west side of the Rockies in winter (Table 2) .
In late winter, the northern ecotype herds on the east side of the Rockies exhibited resource use and selection patterns similar to early winter in selecting high-elevation alpine areas. The Kennedy herd returned to the mountains at the beginning of late winter in the first year but remained in the low-elevation pine flats for the majority of late winter in the second year. Migration to the mountains was likely due to differences in forage accessibility in the pine flats in different years (Jones, unpublished data). Snowfall was lower in the second year and Kennedy caribou were able to forage in snow-free areas throughout late winter. In the mountains, Kennedy caribou selected for both alpine (similar to northern ecotypes) and fir (similar to the mountain ecotype). Although selection models show the eastern herds selecting alpine during winter, these herds also used subalpine forests and similar to the western herds foraged for arboreal lichens when in this vegetation type (Jones, unpublished data).
Differences in selection and use within and among ecotypes were also apparent in spring, calving and summer/fall. Habitat selection in spring is critical to woodland caribou herds and is typically a trade-off between food quality and predator avoidance (Bergerud et al., 1984; Simpson et al., 1997) . Availability of green forage prior to parturition may improve female condition and calf fitness (Bowyer, 1991) . During spring, the northern ecotype herds were primarily located in the alpine and selected for southern aspects and lowgradient slopes. Emergent vegetation was likely more prevalent in these areas. In contrast to other northern ecotype herds, which use low-elevation forested areas with limited snow depths in early spring (Cichowski, 1993; Wood, 1996) , the eastern northern ecotypes were not located at low-elevations, although the Kennedy herd commonly used high-elevation forested stands. Similar to other mountain ecotypes that reside in central British Columbia (Seip, 1990; Seip, 1992b) , the Parsnip caribou typically selected forested areas at elevations above 1300 m in the spring but also selected alpine. Occasional locations in snow-free areas at low-elevations were observed by telemetry for some mountain caribou individuals in spring and caribou were likely keying in on emergent vegetation in these areas.
Nutritional requirements during the calving period are demanding for pregnant or lactating female caribou (Barten et al., 2001 ), but females may compromise nutritional intake to be in habitats with a lower risk of predation (Bergerud et al., 1990; Gustine, 2005) . Calf mortality increases for woodland caribou in lower-elevation forested calving habitats (Seip & Cichowski, 1996) , while caribou that calve on alpine plateaus have the highest rates of calf survival (Seip & Cichowski, 1996) . Movement by caribou away from calving sites may reduce the risk calf mortality (Gustine, 2005) . During calving, the northern ecotype caribou were more commonly located in alpine but were often located in parkland and subalpine forests, whereas the Parsnip caribou were predominately located in subalpine forests. (Cichowski, 1993; Wood, 1996) .
Habitat selection during summer may be directed by avoidance of predators, nutritional gain and insect avoidance, but is likely dominated by predator avoidance (Bergerud et al., 1990) . The Quintette and Moberly herds selected high-elevation and alpine habitat during the summer, while the Kennedy herd selected for lower-elevations and fir stands. In contrast to the eastern northern ecotypes, the Parsnip caribou selected midelevation fir and fir-leading stands. Forage is most abundant during the summer period and habitat use is not restricted by forage availability (Simpson et al., 1997) . In summer, habitat selection by mountain caribou is likely related to forage abundance and quality (Servheen & Lyon, 1989) . Similarly, habitat use by northern caribou is highly variable and is likely associated with forage availability (Cichowski, 1993) . The forb layer in subalpine forests on the western side of the Rockies is more productive and less sparse than on the eastern side (Meidinger & Pojar, 1991) . Caribou on the western side of the Rockies may increase nutritional gains by foraging in subalpine forests compared to caribou on the east side.
Adults and calves are particularly susceptible to predation during the summer months (Bergerud et al., 1984; Edmonds, 1988; Seip, 1990; Seip, 1992b) and predator avoidance influences resource selection during summer (Gustine, 2005) . Fire is more typical on the eastern side of the Rockies (Delong, 1994) and caribou in this area may remain at higherelevations to avoid early-seral stands that support moose and consequently wolf populations (Bergerud et al., 1984; Seip 1992a ).
Despite differences in selection and use among herds and ecotypes, some commonalities were apparent among herds and across seasons. With the exception of the Kennedy herd in summer, early and late winter, caribou selected elevations above 1300 m and avoided pine-leading, spruce-leading, deciduous/shrub and young coniferous stands.
Moose and subsequently wolf density may be higher in early-seral forests (Schwartz & Franzmann, 1989) , and predation risk for caribou by wolves may be higher in pine-leading and spruce-leading stands (Johnson et al., 2002) . Caribou may be avoiding these vegetation types across their range in order to be spatially separated from wolves (Seip, 1992a). All herds avoided steeper slopes, and selection for western and southern aspects were common, while eastern and northern aspects were typically avoided. Western and southern aspects may contain more abundant vegetation in spring, calving and summer/fall and wind patterns may result in lower snow depths on western compared to eastern aspects in early and late winter.
The saturated topographic model ( The northern ecotype on the western side showed selection and use similar to both the eastern (alpine) and mountain (fir and fir-leading) herds, but were distinct in their use of lowelevation pine stands in early and late winter. Differences in resource selection between northern ecotypes on the east and western side of the Rockies are likely due to both environmental and biological variation in the different regions.
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